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Sir: 


I, Dr. Richard B. Thompson, hereby declare as follows: 

1. I am a U.S. citizen, residing at 7106 Bristol Road, 
Baltimore, Maryland 21212. 

2. I am presently employed as Associate Professor in the 
Department of Biochemistry and Molecular Biology of the University 
of Maryland School of Medicine, Baltimore. A copy of my Curriculum 
Vitae is attached. 

3. I am a co-inventor of the subject matter of the above- 
identified U.S. Patent application. I am familiar with the 
specification and pending claims, and with the prosecution history 
of the application. 

4. The Examiner has rejected claims 2, 5 and 13 of the 
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application as being obvious in view of U.S. Patent 5,545,517 to 
Thompson et al. and Thompson et al., Journal of Fluorescence 

(1992), in view of Toyo'oka et al., Anal. Chem. (1984). The 
Examiner asserts that the Thompson references describe a 
composition comprising apo-carbonic anhydrase and a dansylamide 
fluorophore. Toyo'oka is cited for the proposition that it would 
be obvious to substitute the 4- (2-hyrdroxyethylthio) -7- 
aminosulfonyl-2, 1, 3-benzoxadiazole ("ABD-M") fluorophore recited in 
claim 2 for the dansylamide described by Thompson et al. The 
Examiner asserts such substitution is obvious because ABD-M, 
"facilitates clear detection, does not give an interfering 
background fluorescence, has a long fluorescence wavelength so that 
interfering endogenous fluorescent materials in biological samples 
can be avoided but rather it fluoresces specifically only when 
combined with an analyte, i.e. (human) apo-carbonic anhydrase." 


5. The use of ABD-M in combination with apo-carbonic 
anhydrase ("apo-CA") provides results, as described below, that 
would not have been expected by the practitioner of ordinary skill 
in the art of fluorescence spectroscopy at the time the present 
invention was made who would read the Thompson references and 
Toyo'oka et al. These unexpected results are evidence of the 
unobviousness of the invention described in the present claims 2, 5 
and 13. 
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6. In particular (1) ABD-M binds more tightly to holo-CA 
than dansylamide. This is shown in the attached Exhibit 1, a 
Table excerpted from C.A. Fierke and R. B. Thompson, 
"Fluorescence-based biosensing of zinc using carbonic anhydrase," 
BioMetals 14, 205 - 222 (2001) . There was simply no way to 
predict the binding constant of the interaction of ABD-M with 
holo-CA at the time the present invention was made. Neither the 
Thompson references nor the Toyo'oka paper provided this 
information. 

7. ABD-M not only fluoresces when bound by carbonic 
anhydrase (CA) , but its quantum yield increases about three-fold. 

This is also shown in the attached Exhibit 1. This result was 
unexpected because binding of fluorophores to proteins is 
frequently accompanied by partial or complete quenching of the 
fluorescence; if its fluorescence is completely quenched upon 
binding, a fluorescent aryl sulfonamide is unworkable in an 
anisotropy assay as in the present application. Examples of 
quenching of a fluorophore by binding to a protein include anti- 
fluorescein antibody binding of fluorescein (see the work of E. 
W. Voss, et al. for example, R. M. Watt and E. W. Voss, 
"Mechanism of quenching of fluorescein by anti- fluorescein IgG 
antibodies" Immunochemistry 14, 533 (1977)), and binding of 
flavins to many proteins, such as bacterial lucif erase. In many 
cases the quenching is due to electron transfer from tryptophan, 
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a constituent of nearly all proteins and indeed of apo-CA. 

8. ABD-M' s emission spectrum is significantly blue-shifted 
upon binding to CA compared to the emission spectrum of ABD-M 
free in solution. This is shown in the attached Exhibit 2, 
figures showing the emission spectra of ABD-M and dansylamide 
bound to apo-CA. While it is true that fluorophores that exhibit 
substantial blue shifts upon binding to proteins are not unknown, 
such fall into only a few structural classes, notably the 
anilinonaphthalene sulfonate derivatives (to which dansylamide is 
similar) . By far the majority of fluorophores which bind to 
proteins (either noncovalently or covalently) exhibit little 
change in their emission wavelength, if they emit at all (see 
above). That the blue shift upon ABD-M's binding was substantial 
enough to permit a broadened dynamic range of measurement of 
divalent metal ion concentration was unexpected. 

9. The above unexpected properties of the association of 
ABD-M with holo-carbonic anhydrase provide certain advantages to 
the use of apo-carbonic anhydrase with ABD-M (and other aryl 
sulfonamides recited in the pending claim 2) in fluorescence 
spectroscopic techniques, especially in the method described in 
the present specification. Tighter binding of the aryl 
sulfonamide to apo-CA is advantageous because a lower 
concentration of sulfonamide may be used and thus the emission of 
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the bound sulfonamide represents a greater fraction of the total 
emission, and consequently one can detect a lower concentration 
of holo-CA, and thus of zinc or other divalent metal cation in a 
sample. A higher quantum yield allows use of smaller samples 
overall and/or an assay that is more sensitive to smaller 
concentrations of analyte. The substantial blue-shift in the 
emission spectrum of ABD-M upon binding to apo-CA provides an 
unexpected broadened dynamic range for measurements of 
interaction of the complex with divalent metal cation analytes. 

The increase in dynamic range of measurement is shown in the 
attached Exhibit 3, which shows titrations of the amount of zinc 
ion in solution measured by the anisotropy method of the instant 
invention using ABD-M at varying emission wavelengths: by merely 
changing the emission filter one can accurately measure the 
concentration of free Zn over a range of approximately 4 orders 
of magnitude, instead of only two orders. Dansylamide does not 
offer such a dynamic range in a steady state measurement at all, 
and only if more costly and complex lifetime techniques are used 
(see, R. Thompson and M. W. Patchan, J. Fluor 5, 123 (1995), of 
record) . 


It should be noted that although dansylamide also binds to 
holocarbonic anhydrase in a zinc-dependent manner (as disclosed in 
US Pat. No. 5,545,517) and exhibits a blue shift and quantum yield 
increase upon binding (as determined by R. F. Chen and J. C. 
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Kernohan, J. Biol. Chem. 242 5813 - 5823 (1967), referenced in U.S. 
'517 and copy attached), it is almost unworkable in the divalent 
cation quantitation methods of the present invention. This is 
because its average fluorescent lifetime in the bound form (also 
determined by Chen and Kernohan) increases more than seven-fold 
upon binding. As the Perrin equation (which is well known in the 
art) shows, the measured steady state anisotropy is primarily a 
function of the ratio of the lifetime to the rotational correlation 
time of the emitting component (s) . The essence of the invention is 
to increase anisotropy in a zinc-dependent manner by increasing the 
rotational correlation time of the photoluminescent aryl 
sulfonamide several-fold by having it bind to the more massive 
protein; if the lifetime also increases upon binding, the increase 
in anisotropy is thereby much reduced or eliminated, providing a 
much smaller signal. 

On the other hand, ABD-M unexpectedly retains a sufficiently 
short lifetime so as to be useable in the anisotropy methods of the 
present invention. Such a result would not be expected by the 
person of ordinary skill in the art who reads the Thompson 
references for their teachings of the properties and utility of 
dansylamide. The fluorescent lifetime of ABD-M when bound to a 
protein is not available from the Toyo'oka reference, and so the 
artisan of ordinary skill is not motivated to make the present 
invention based upon the teachings of U.S. Patent 5,545,517, 
Thompson et al., Journal of Fluorescence (1992) and Toyo'oka et 
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al 


Anal. Chem. (1984) . 


10. I hereby declare that all statements made herein of my 


own knowledge are true and that all statements made on information 
and belief are believed to be true; and further that these 
statements were made with the knowledge that willful false 
statements and the like so made are punishable by fine or 
imprisonment, or both, under Section 1001 of Title 18 of the United 
States Code and that such willful false statements may jeopardize 
the validity of the application or any patent issued thereon. 



ichard B. Thompson, Ph.D. 



Richard Blair Thompson, Ph.D. 
Department of Biochemistry and Molecular Biology 
University of Maryland School of Medicine 
108 N. Greene St. 
Baltimore, MD 21201 
(410) 706-7142 
email: rthompso@umaryland.edu 
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Postdoctoral Fellow, University of Maryland, School of Medicine, 1981-1984 
Ph.D., Biochemistry, University of Illinois at Urbana-Champaign, 1981 
B.A., Biology, Northwestern University, 1975 

RESEARCH EXPERIENCE : 

1990-present: University of Maryland School of Medicine. Associate Professor with emphasis on fiber optic biosensors and 
fluorescence spectroscopy. 

1984-1990 - Naval Research Laboratory, Washington, DC. Developing ultrasensitive fluorescence immunoassay systems and 
fiber optic sensors. 

1981-1984 - University of Maryland, School of Medicine. Fluorescence and High Pressure Work with Professor Joseph 
R. Lakowicz. 

1975-1981 - University of Illinois. Determined Primary Structure of Beta Subunit of Bacterial Luciferase, with Professor 
Thomas O. Baldwin. Thesis title, "Amino Acid Sequence Studies on the Beta Subunit of Bacterial Luciferase". 

1974-1975 - Northwestern University. Determined Primary Structure of Hippopotamus Cytochrome c, with Professor 
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\ SUMMARY 

Bovine erythrocyte carbonic anhydrase forms a highly 
fluorescent 'complex with 5-dimethylaminonapbtfcalene-l- 
Hilfonamide (DNS A). The binding, studied either by en- 
hancement of ligand fluorescence or by the quenching of 
protein ultraviolet fluorescence, shows that only 1 mole of 
DNSA is bound per mole of protein; the dissociation con* 
stant at pH 7.4 is 2.5 X 10~ 7 m. The fluorescence of free 
DNSA in water has peak emission at 580 m/i and a quantum 
yield of only 0.055, but bound DNSA has an emission maxi- 
mum at 463 nip and a yield of 0.84. Arguments are pre- 
sented to explain the large emission blue shift on the basis 
^Jf that the binding site is extremely hydrophobic and that the 
-SOjNHj group of the ligand loses a proton upon binding 
the enzyme. The binding appears specifically to involve 
,the sulfonamide site known to exist in carbonic anhydrase; 
"several other "fluorescent probe" compounds showed no 
evidence of binding to the enzyme. 

' Calculation of the energy transfer efficiency gave the 
surprising result that 85% of the photons absorbed by the 7 
'.tryptophan residues are transferred to the single bound 
DNSA molecule. The transfer efficiency is much higher 
(ban hitherto observed for a protein having only one 5- 
;<limethylaminonaphthalene-l-sulfonyl group. Although the 
diameter of the protein is roughly 51 A, the bound DNSA 
group is* probably within the critical, transfer distance Rq 
'•(> 21.3 A) of all the tryptophans. The effective average 
^-distance between DNSA and tryptophan was found to be 
16 A. The fluorescence properties of the complex were 
quite different from those of a conjugate prepared by reaction 
of 5 -dimethyl ami nonaphthalene-l-sulfonyl chloride with 
carbonic anhydrase. Various considerations lead to the 
'conclusion that the sulfonamide -bin ding site and the trypto- 
phan residues are in the interior of the protein. 
^ The tryptophan fluorescence of the protein was 73% 
^ > quenched by the binding of 1 DNSA molecule. Although 
l^large, this 'degree of quenching was less than the over-all 
?& ^efficiency of energy transfer of photons absorbed by the 
: | Vprotein. This result indicates, .that the fluorescence effi- 

'National Heart Institute Visiting Scientist, United Suites 
■Public Health Service. 


ciencies of the 7 tryptophans are different, and that DNSA 
is bound in such a way that energy transfer occurs with 
greater probability from those tryptophan residues which 
are relatively less fluorescent. 

DNSA inhibits the esterase activity of carbonic anhydrase 
as tested with the substrate, />-nitrophenyl acetate. Direct 
measurements of fluorescence decay times permitted calcu- 
lation of the rotational relaxation time of carbonic anhydrase 
from depolarization of fluorescence data. The value of about 
30 nsec for the relaxation time is consistent with a low degree 
of molecular asymmetry. 


In .1940, Mann and Keilin (1) reported the discovery that 
sulfonamides inhibit carbonic anhydrase. The reason for the 
highly specific and potent inhibition of this enzyme by this class 
of compounds is still not clear, although a number of facts bear- 
ing on the question is know. All sulfonamides which inhibit 
animal carbonic anhydrases have the — SO a NH 2 group attached 
directly to an aromatic, nucleus, which is either homocydic or 
heterocyclic (2). The effectiveness of the inhibitor seems to be 
related to the ease with which a proton can dissociate from the 
sulfonamide group. There is evidence that such an ionization 
occurs before the inhibitor binds to the enzyme (3, 4). Inhibi- 
tory sulfonamides appear to be bound to the enzyme at a site 
which involves the metal ion at the active center (5, 6), and the 
sulfonamide-binding site may be identical with, or may overlap, 
the COa-binding site (7). However, sulfonamides do not form 
strong coordination bonds with transition metal ions such as 
Zr&+ t and an interaction of the aromatic nucleus of the inhibitor 
with the protein must presumably make a large contribution to 
the observed stability of the complexes which arc formed. 

In this paper, we present some evidence for a hydrophobic 
binding site in bovine erythrocyte carbonic anhydrase Tt based 
on tho properties of a highly fluorescent complex of the enzyme 
containing the sulfonamide, DNSA. 1 The results of nuoromctric 

1 The uhbrcviul.innn iinod arc: DNSA, S-dimniJiylaininonuph- 
Hialene-l-sulfon:imidR; DNS-, o-dimcthylaminonaphlhalene-l- 
sulfonyl-; C A (DNSA), a complex of carbonic anhydrase with 
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titrations show that only 1 1 )N^A molecule* is bound by. carbonic 
anhydrase. Kmission spectral measurements show that the 
DNSA must bo bound to a region of very low dielectric constant, 
and energy transfer calculations indicate Unit the sulfonamide 
may be in close association with some, if not most, of the trypto- 
phan residues. Jn short, DNSA is a "fluorescent probe" of the 
suil'on&m id c-bi riding site of carbonic anhydrase. Several fluores- 
cent dyes J iave been used as probes uf hydrophobic binding .sites 
(8-10). Typical of this class of dyes is K-anilinonaphthalene-l- 
sulfonie acid, which is virtually nonftu orescent when free in 
aqueous solution but is reported to have a quantum yield of 0.75 
when bound to bovine serum albumin (S). The spectra and 
quantum yields of such dyes are sensitive to conformational 
changes, which may affect the properties of the binding site 
(1 1-13). Recently, it was reported (14) that the DNS- deriva- 
tives of amino acids (so-called dansylamiuo acids) have prop- 
erties similar to those of ANS and can be used as fluorescent 
probes; thus, it is not altogether surprising that DNS A can also 
fulfill this function. However, the binding of DNSA to carbonic 
anhydrase appears to involve those factors which render the 
inhibition by sulfonamides so specific and effective, and provides 
information not otherwise obtainable concerning interaction with 
this class of ligands. Neither ANS nor the DNS-amino acids, 
on the other hand, appear to hind to this enzyme. 

KXI'KttIM KNTAl- J'KOCKDUHK 

Rvatjcnlti - Dlectrophorclically pure bovine, carbonic anhydrase 
B was used in all experiments, ami was the same .sample used in a 
previous study (4). Knzymc concentrations were estimated 
spcctropholumetrically, with = 5.7 X 10< m~ ! cm -1 (15). 
Bovine serum albumin was a crystalline sample obtained from 
Armour (Lot A09SU5) and defatted by charcoal treatment (lei). 
DNSA was prepared according to Weber (17) and recrystallized 
from ethanol. Stork solutions containing 10~ 3 m DNS A were 
made by dissolving a weighed amount, of the dried su-fotiamido 
in 10~ 2 m HOI; these solutions were stable for at least I week. 
The extinction rwflicicnt of DNSA in 00% (v/v) ethanol and the 
absorption spectra at various pH valuers matched re]>orted values 
(17, 18). Purity of DNSA was also confirmed by thin layer 
chromatography in several solvent systems (10), ANS (Baker) 
was recrystallized a* the magnesium smlt (8). DNS- derivatives 
oF glycine, L-prolinc, j.-glulamic. acid, and dl- tryptophan were 
purchased from British Drug Houses, and their purity was es- 
tablished by thin layer chromatography (19). Kthoxzol&midc 
(G-ethoxy ben zothlazole-2 -sulfonamide) was a gift from Upjohn 
and was used without, further purification. DNS-chloride. was 
obtained from Baker and recrystallized from acetone before use. 

Esterase Activity of Carbonic Airfiydrase — The procedure of 
Armstrong, Myers, Verpoorte, and Wdsall (20) was followed, ex- 
cept that the buffer was 0.02 m potassium phosphate, pH 7.4. 
The rate of nonenzymic hydrolysis of yj-nitrophenyl acetate as 
followed in a i-cm cell at 348 mu was less than 0.005 optical 
density unit per turn; such hydrolysis was corrected for accord- 
ing to Armstrong ct al. (20). 

Optical Measurements — Ahsurbance was measured in 33eckman 


DNSA; ANS, S-aiuTuionaphihalcne-l-Bulfuuic acid; BSA(l)NSA), 
a complex of bovine .serum albumin containing udaorbed DNSA; 
DNS-CA, a conjugate produced by reaction of carbonic mihydrase 
with ])NS-chloride. Unless ntherwr.se specified, the term carbonic 
anliydruw; used in thi* paper refers to bovine erythrocyte carbonic 
unhvdruse B. 


DU and Gary model 11 spectrophotometers. Fluorescence in- 
tensities and spectra were obtained with Aminco-Bowniaa 
^pectrophotoiluoromoters. Cells of 1-cm path length were 
used for fiuorometric titrations, but a mieroccll having 
internal cross-sect iona! dimensions of U.20 X 0.29 em was 
used for spectral measurements. Detailed description of the 
instrumentation, its use, the methods of calibration to give cor* 
reeled excitation and emission spectra, and the calibration curves 
have been published (21, 22). Fluorescence quantum yields were 
obtained by comparing the area under the corrected emission 
spectrum with that of a standard'' with a known quantum yield; 
the procedure was t he same as that used in a previous study (23). 
Fluorescence polarization, P y was measured with the Amineo* 
Bowman apparatus with linearly polarized excitation (27). We 
calculated 1 J from the relation (28) 


P = 


Gh 


Ivy + OYvn 

where / Is the observed fluorescence intensity and the first and 
second subscripts refer to the orientation of the polarizer and 
analyzer, respectively, and G is a correction factor for polarisation 
introduced by the emission mouochromator grating and is given 
by G = / nv/f it it - 

Fluorescence decay time, r, was measured with a TRW In- 
struments nanosecond flash apparatus, which was modified ai 
previously described (29). 

Unless otherwise specified, all experiments wore conducted in 
0.02 m phosphate buffer, pH 7.4, at 24° ± 1°. 


Binding of DNSA by Carbonic Anht/dnusc- When DNSA was 
added to a solution of enzyme, the protein fluorescence excited 
at 280 mju was quenched. The stoichiomclry of the interne tiob 
of carbonic anhydrase with DNSA was si tidied by titratiou of s 
10~ 6 m .solution of protein with t.ho sulfonamide, and the results 
are shown in Fig. I. 'J 1 he quenching curve indicates that only 1 
mole of ligand is bound per mole of protein. Since the extinc- 
tion coefficients of the sulfonamide and tin? protein arc known with 
some certainty (15, IS), the quenching curve can be used to cab 
culate the molecular weight of the protein. W ith a solution of a 
weighed amount of carbonic anhydrase, a value of 29,500 was 
obtained, in good agreement with the value obtained by Nytr.au 
and Lindskog (3 5) from amino acid composition. 

The binding of DNSA by carbonic anhydrase is accompanied 
by enhancement of ligand fluorescence, which again us consistent 
with the binding of 1 mole of sulfonamide (Fig. 1). Although it 
could be argued that additional DNSA might be bound without 

1 Quantum yield was determined by comparison of the itUfi' 
grated corrected emission spectrum of a standard with that uf the 
unknown. If d liferent excitation wave lengths were used for 
standard and unknown, adjustments were made for the differences 
in lamp intensity at those wave lengths {2li). We rmvc used 348 
u)m excitation for the standard, quinine in 0.1 n LftSOi, Il,K l iUS " 
■sumed its quantum yield to be 0.54. This value is based on dfc 
following data: Melhuish (24) found a quantum yield of 0 55 with 
306 ma excitation, but recent evidence shows that the quanluw 
yield of quinine is 9% lower when excited at 3li> ^25) . If 
Melhuish's value is correct at. 36(i m/i, the quantum yield should, 
be 0.50 with excitation at 34$ mju. However, Eastman (20) hits 
recently obtained a quantum yield of 0.58 for quinine for exciutioo 
at 350 and 250 iu/l . The value uf 0.5-1 is no average uf values based, 
on the work of Melhuish and of Kasdnan. 
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Fio. -I. Sped in of ciirltiniir, anhydrase and DNS A. Ahsurption 

spectra art: shown for 2.0 X JO~ fc m DNSA (, ) mid for a solution 

containing l.'.M X 10" • m carbonic: anhydrase and 2.0 X 10"' m 

DNSA ( ). Under these conditions, ( J1% of 1 1 io enxyme is in 

the form of CA(DNSA). The corrected excitation spectrum of 
OA(DNSA) f • - - • J was obtained by varying the exciting wave 
length while moniLoring fluorescence :tt -1G8 m^. The solution 
contained 4 X 10' fl m carbonic anhydrase and 10 _1 m DNSA; fluo- 
rescence of free DNS A or free enzyme at 408 niju was negligible. 


on quenching must be explained hy particularly favorable spatial 
or geometrical factors, or both. 

We recognise, however, that the transfer distance, R Qt calcu- 
lated in the above manner is an approximation, since several 
assumptions must be made in order to use Equation 1 for protein- 
ligand systems!. For instance, it is assumed that the orienta- 
tions of tho tryptophans of the protein arc random with respect 
to tho DNS A, that the various tryptophans all have the same 
emission spectra and lifetime, and that the refractive index in the 
protein matrix is 1.0. Nonetheless, because the transfer dis- 
tance R 0 is proportional to the sixth root of the ratio J ¥ fn*P$, a 
lOO^. error in that quantity would result in only a 10% error in 

Rq. 

The binding of only 1 mole of DNSA to carbonic anhydrasc 
results in 73% quenching of protein fluorescence (Fig. 1). Be- 
cause it is known that bovine carbonic anhydrase lias 7 trypto- 
phan residues (15), it seemed possible that quenching might in- 
volve certain residues more than others and therefore result in a 
change in the ultraviolet emission spectrum. However, with 
2U0 mji excitation, the emission spectra of carbonic anhydrase 
and of 0 A (DNSA) had the same shape and position. Thus, we 
ean.not from this result distinguish between the following two 
possibilities: (a) the emission from the fluorescent tryptophans is 
73% quenched by DNSA, or (6) the fluorescence of certain 
tryptophans is 100% quenched while that of other residues is 
quenched to a lesser degree, yet the resultant protein emission 
spectrum is unchanged since all the emitting residues have the 
same spectra. 

More information on possible differences between the trypto- 


The excitation hand width, 5 m^ ( was nine!) larger than that used 
in the Citry spectrophotometer for t he absorption spectrum; henue, 
although the absorption and excitation spectra for CA(l>NSAj 
arc normalized at long wave length and are seen to match in thiil 
region, the ditTerenee in hand widths may account for the mis- 
match near 300 mp, where ihe absorption is changing rapidly. The 
corrected emission spectrum of native carbonic anhydrasc, 3 X 

10~ R M ( ), shows overlap with the absorption due to the DNS- 

group. 


phan residues is, however, obtained from the following considera- 
tions. Although the degree of quenching is related to the energy 
transfer process, the true efficiency of tryptophan-DNSA energy 
transfer cannot be calculated from quenching data alone, tor the 
follow ing reason . The quantum y ield of tryptophan fluorescence 
in carbonic anhydrase is only 0.11 (Table I) 4 ; thus 89% of the 
absorbed photons are lost by radiationless pathways. Since the 
quenching data concern only those 11 % of the photons which are 
ordinarily emitted, one must turn to a comparison of the ab- 
sorption and corrected excitation spectra of t 'A(DNSA) to deter- 
mine the percentage of photons transferred to DNSA. Such 
spectra arc shown in Fig. 4. The absorption spectrum for the 
solution containing DNSA and carbonic anhydrase is essentially 
that of CA(DNSA), since, under the conditions used, only 9% 
of the cussymc present was not in complex with the sulfonamide. 
Suitable corrections in the quantum yield determinations were 
applied for this amount of free enzyme. The excitation spec- 
trum of C A (DNSA) is of interest because of the intense 2S0 w 
peak corresponding to the long wave length protein absorption 
band, whereas the spectrum of DNSA itself has a minimum in 

4 It should be noted that the fluorescence quantum yield of 
protein fluorescence was obtained with the quinine standard . 
rather than with a tryptophan standard, which is of Lea used, j 
The quantum yield of tryptophan in water has been reported to be 1 
0.20 (38), but experiments with various spCL-trofluorometers and 
with quinine as a standard have shown tryptophan to have r 
quant um yield of 0.13 in water (It. F. Chen and It. Perlman, tobft 
published). The quantum yield of carbonic anhydrase is tfhui. 
only slightly less than that of tryptophan which is free in aqucmij. 
solution. 
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region. Above 300 rnji, the absorption anrl excitation spec- 
coincide and tho quantum yield is 0.84. In the region where 
I ia absorbed by the protein, the fluorescence quantum yield 
lower. After correcting for the amount of light directly ab- 
orbed by hound DNSA, we found that the quantum yields of the 
liable fluorescence excited by photons absorbed at 2S0 m/i and 
iru* by the protein were 0.6S and 0.71, respectively. The 
furence in yields at these two wave lengths merely reflects the 
degree of energy transfer from tyrosine residues (36), which 
tribute to absorption at 280 m>i much more than at 290 m/z. 
fmm the result at 200 m^, it is evident, that the quanta absorbed 
. ■ >>* tryptophan residues are traasferred to DNSA with a yield of 
j (0.71/0.S4 x 100). Also, since the quantum yield of tryp- 
. I *phan fluorescence in the complex if 0.04 (quantum yield data 
! re summarized in Table I), we can account for S9<?>. of the 
fiiotons absorbed by tryptophan. The remaining H ')} j ire- 
Icmahly suffer radiation less internal conversion directly from 
I ariretl state tryptophans. The high degree of energy transfer 
a Bpans that DNSA very effectively scavenges those photons which, 
< a the free enzyme, would have been lost by radiationlcss modes, 
j For this reason, although the lifetime of the free enzyme fluores- 
I twice is found to be only 2.C nsec, the energy transfer process 
friiist be considerably faster than even that. The rapidity of 
focrgy transfer was confirmed by measuring the fluorescence 
Jecay time of C A (DNSA) by excitation with a deuterium flash 
imp in our lifetime apparatus. Using an ultraviolet inter- 
ference filter (Optics Technology, Palo Alto) to isolate a narrow 
tend centered at 200 n\js, wo obtained r = 21 .8 nsec, which is not 
■i^nificantly different from t = 22.1 nsec obtained by exciting 
j directly into the DNSA absorption band with the nitrogen 
fash lamp. Had the excited state of tryptophan persisted for, 
ay, 2 nsec before transfer of energy, a larger value of r would 
bve been detected. 
It should be pointed out that the over-all energy transfer 
iriency (S5%) fmm tryptophan to DNSA is higher than the 
pegree of quenching of tryptophan fluorescence (73%), which 
it also due to energy transfer. The simplest explanation for this 
difference is that the quantum efficiencies of the various trypto- 
phan residues are not identical and that DNSA is situated in 
aich a manner that energy transfer is more probable from those 
tryptophans which an; relatively less fluorescent In a simple 
model system in which all donor groups were identical, Latt, 
Cheung, and Blout (30) showed that the degree of fluorescence 
quenching by an energy acceptor group was equal to the degree 
energy transfer. With regard to the possibility that the 
tryptophans in a protein may be heterogeneous, it is known that 
the fluorescence due to tryptophan varies in yield in different 
proteins and is markedly affected by the environment (40). An 
alternative explanation which cannot be wholly discounted at 
present is that the binding of DNSA causes a conformational 
change which influences the quantum yield of tryptophan emis- 
sion. 

Nature of liituliuu Site — The site occupied by DNSA appears 
be quite specific for unsubstituted sulfonamides. DNSA ran 
be displaced from carbonic anhydrascby other sulfonamides such 
ctboxzolamide, benzcnesulfonamide, and acetazolamido 
(l ; 3,4-thiazole-2-aeetamido-5-sulfonamide). 3 On the other, 
band, attempts to detect complexes of this enzyme with ANS\ 
DNS-glycine, DNS-L-glutamic acid, DNS-L-proline, and DN6- 
L-tryptophan gave negative results in terms of protein fluores- 
cence quenching, ligand fluorescence enhancement, or increase 


Table 1 
Quantum yield* and decay tunes 
The quantum yields refer only to the emission b:tud ci<cd in 
the preceding column. The tntul quantum yield of CA(i.)NSA) 
excited at 290 nui would t.hus bo 0.71 + 0.04 *= 0.75. Solvent for 
protein solutions wn* 0.02 m potassium phosphate buffer, plf 7.4; 
DNSA was dissolved in dilute IfCI and the solutions were brought 
to tho desired pH by in m : lion itf T\OH. Tho complex 
BSA(DNSA) was prepared by ;uiding DNSA to n final concentra- 
tion of 2 X 10~* to 10"* m bovine scrum albumin. 
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ntfi. 


; it sec 

Carbonic unhvdrase 

29U 

m 

0.11 

j L\o 

CA(DNSA) 

2M 

336 

0.04 


CA(DNSA) 

1190 

468 ■ 

0.71 

' 21.8 

C A (DNSA) 

320 ; 

46S 

0.8-1 

22.1 

DNSA, pH 7 A 

320 ; 

5K0 1 

n.o-w 

3.0 

DNSA, pH J2 i 

310 : 

5KS ! 

o.osr, 

■1.0 

DNS-CA ; 

335 | 

533 : 

0.12 

12.2 

DNS-CA ! 

2! 10 ! 

:i:if> j 

o.noo 


BSA(DNSA) 

3-10 i 

Mm i 

0 Ji-l 

22.11 


0 Fluorescence decay times wrro mtrii&um. lii<; icinnsccond 
flash fluoromolcr with suitable CWning (H * inlon*(;n*nco filters io 
give excitation at the wave lengths listed, which w<irr: used for 
the determinaiion of quiuituin yields. 

in polarizittion of visible fluorescence. These compounds are 
known to form highly fluorescent complexes with proteins such 
as serum albumin, apomyoglobin, and apohemoglobin (8, 11, M); 
however, they iack the basic primary sulfonamide structure 
needed to bind to carbonic unhyclrase. 

The changes in DNSA emission properties upon binding to 
the enzyme are shown in Fig. 5 summarized in Table I. At pJI 
7.4, free DNSA has a weak fluorescence with a peak at 5X0 m^ 
ami a quauLum yield of 0.055. fn complex with carbonic 
anhydriuse, DNSA emits maximally at 40K m/z with a yield of 0.N4. 
The 112 mM blue shift and the 15-fold quantum yield increase 
require comment. 

In a recent study of the DNS-amiuo acids, it was sliown thai 
their emission spectra have peaks near 5.S0 m/i in water and 
move toward shorter wave* lengths in hydrophobic organic 
solvents (H). In dioxane, for instance, it w:us found that D.WS- 
tryptophan had a peak at 500 ium- I'pou binding of DNS- 
amino acids such as DNS-L-proline to serum albumin, the peak 
of the spectrum of the visible fluorescence varied with the species 
of albumin tested and ranged from 4«S6 to 502 m^. The effects of 
solvents and protein solutions on the fluorescence of DNS- 
amino acids were interpreted in terms of a high sensitivity of the 
compounds to the dielectric constant of the environment (14). 
DNSA has the same chromophobe group as the DNS -ami no 
acids, and, by spectral measurements in dioxanc-wator mixtures, 
we have found that DNSA shows similar solvent shifts in its 
emission. Furthermore; "DNSA binds to bovine serum albumin, 
and the fluorescence spectrum is given in Fig. 6. The quantum 
yield of the fluorescence excited at 340 m^ Is 0.04, and the peak 
is at 500 mji. It is clear, then, that the hydrophobic nature of J 
the binding site can account for part of the blue shift exhibited j 
;by CA(DNSA). However; the emission, of CA(DNSA) is con- 
fsiderably' bluer 1 than that of the corresponding bovine serum ] 


9 "d 


EEIL-BOL (Olfc) 


uosduiotji pjeqoiy 


^SE'El t>0 *Q loo 


5818 


Fluorescent Complex of Carbonic Anhydrase 


Vol. 242, No. 24 



400. 


450 


500 

WAVELENGTH (m^J 


550 


600 


I ; ig. 5. GurnioUsri cnnHsiith .spnetm of DNSA unci CA(i)NSA). 
'J" he curves liavo been adjusted ,so that. the urcua underneath the 
lines u;v proportional ut t ho quantum yields (which are listed in 
'J able 1). The spectra arc of OA(UNSA) (O O) excited at 
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Fig. li. Kmission spectra (if DNS-eontainiug proteins. The 
spectrum of CA(UNSA) is replniled from Fig. 5 Fur comparison. 
The curves art: normalized to the sumo height, all hough the quan- 
tum yields (Table I) are different. The emission of BSA(DNSA) 
was obtained by 340 iru* cxritatiun of a solution described in Table 
1. Tins spectrum of DNfci-CA, 3 X 10' 4 m, wins nbuiined by 335 
excitaiiou. Band width of omission mnnochroniator, 12 ni/i. 

albumin complex, in spite of the fact that albumin lias a very 
hydrophobic binding site (10, 41). Therefore, yet another 
factor must be involved in determining the visible fluorescence 
spectrum of CA(DNSA). 

We suggest that such a factor may be the loss of a proton from 
DNSA, i.e., the process ArSOjNH* ^ ArSO«NH-+H+ Some 
of the evidence from other work that sulfonamides are bound to 
carbonic anhyd rases in Urn form ArSOjNIi - is considered under 
''Discussion." In addition, the following spectral characteristics 
of DNSA are coasistent with loss of a proton upon binding to the 
enzyme. It is evident from Fig, 4 that the absorption spectrum 
of DNSA is markedly blue-shifted on binding to carbonic 
anhydrase. A difference spectrum was obtained with 6 X 10~ 4 M 
carbonic anhydrase in the reference cell and the same solution 
plus 5 X 10" 6 m DNSA in the sample cell; the results showed 


310 nip, and of 1.0 X 10" * m DNSA in 0.02 m put atrium phosphate 

buffer, pi I 7.1 (• •), and in 0.01 m KOll (C» »)■ Tlio 

solution used for the CA(DNiSA) fluoresce tice w;is the sumo ua thut 
used for the absorption spectrum iu Fig. 4. 

bound DNSA to have un absorption maximum at 300 to 310 
nip. with e ~ 4.50 X 10 3 m" 1 cm -1 . In contrast, free DNSA has 
a peak at 323 mu (Fig. 4). A blue shift in the absorptioa 
spectrum of DNSA can also be induced by raising the pH, and 
we found that the spectrum of this compound in 0.01 m KOH hod 
a peak at 310 mw with e = 5.59 X I CP M" 1 cm" 1 . The blue 
shift in absorption at high pH, which was reversible, seems clearly 
to be due to ionization of t he jsulfoii amide moiely. The process 
is accom]janied by a blue shift in the fluorescence omission 
spectrum, with the peak changed from 5S0 ium to MO m/i (Fig. 5) 
and the quantum yield rising from 0.055 to U.0S5. It might be 
expected, therefore, that ionization of the sulfonamide group on 
binding to carbonic anhydrase would involve a fluorescence 
blue shift of similar magnitude. Loss of a proton from DNSA on 
binding to the enzyme could thus account for the difference in 
position between the emission spectra of OA (DNSA) and 
BSA(DNSA) shown in Fig. 0. 

The absorption blue shift shown by DNSA in alkali allowed us 
to study the ionization in more detail by titrating and monitor- 
ing the appearance of ionized DNSA by the increase in absorption 
at 305 m/u (Fig. 7). The pK„ of the — SO = NH 2 group was found 
to be 9.79. Some compounds are stronger acids in their excited 
states; the subject of peptonization or ejection of protons from 
excited states has been reviewed recently by Wehry and Hogers 
(42). Since Lagunoff and Ottolenghi (L8) have shown (hat the 
protonated dimcthylarnino group of 5-d imelhylammo naphtha- 
lene- 1 -sulfonic acid at low pli was a much stronger acid in the 
excited singlet state, we examined the question whether the 
sulfonamide group of excited DNSA ionized more readily than 
the ground state. Fluoromctric titration of DNSA performed 
by monitoring the appearance of ionized sulfonamide at 500 mn 
showed exactly the same pK„ as spec tropho torn etric titration 
(Fig. 7). One can conclude, therefore, that if ejection of a protoa 
from excited state DNSA occurs the process must be much-; 
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(lower then fluorescence, for which the decay time was meas- 
ured to lm about 4 user (Tabic I), and would not- be detectable 
experimentally. 

I An additional implication of the blue shifts exhibited by DNSA 
| in alkali has been suggested to us by a referee. In compounds 
? frh as certain naphthoJs, in which the excited state is a much 
'I stronger acid than the ground state, lass of a proton is associated 
rith large spectral red shifts, a* can bo predicted from thermo- 
dynamic considerations (12). The spectra of DNSA shift in the 
opposite direction, a finding which suggests thai. differences in 
ffiunid and excited suite acidities of the — SOjNEU group arc, 
, in fact, not great. 

The ionization of the sulfonamide group docs not seem to be 
incompatible with the emission blue shift due to the transfer of 
DN'SA from aqueous to hydrophobic environments. This was 
fonfimied by investor. ion of the emission spectra of DNSA in 
solutions containing different proportions of dioxane and aqueous 
j KOH. The effects of solvent and ionization of the sulfonamide 
;|rotip on the emission .spectrum appear to be more or less additive. 
For instance, it was found that in 90% dioxane-10% 1 m KOH 
the emission maximum of DNSA was at 49C irui, whereas in 900;. 
feanc-I0'.';.O.I m potassium phosphate, pH 7.4, the peak was at 
502 mju. 

Inhibition of Carbonic ArtJit/draxe by OA'S A— In order to test 
ilic effect of DNSA on the activity of carbonic anhydrase, we 
employed the esterase assay with the substrate, /j-uitrophenyl 
icctate (43). I n the absence of inhibitor, linear ] <ine.wcaver-Burk 
J piors were obtained, with K m = 4 x 10~ 3 m and V tll(ix = 2.5 x 
moles per miii per mole of enzyme in 0.02 m potassium 
■ phwphau» buffer, pH 7 A. DNSA proved to be a powerful 
inhibitor. The inhibitor constant, K r , as defined by Armstrong 
drrf: (20), was obtained by their method, and found to be 4 X 
K/~ 7 m. The inhibition was apparently noncompetitive, be- 
cause V,^ x was decreased at all inhibitor concentrations used. 

It. should be recalled that, although the inhibition of DNSA and 
other sulfonamides have been found by classical techniques vo be 
noncompetitive (20, 44, 45;, it has been pointed out that the 
inhibitors may stiil actually bind to the catalytic site (7). The 
apparently noncompetitive nature of the inhibit ion could be due 
to a relatively slow rate of release of inhibitor. One of our 
observations that supports this possibility is that the visible 
fluorescence of the ('A(DNSA) complex disappears only slowly 
srlicn ethoxzolamide is added to the solution. The kinetics of 
the displacement of DNSA is currently under study, and pre- 
liminary results surest that the obliteration of OA (DNSA) 
fluorescence by ethoxzolamide has a half-time on the order of 
3 to 4 sec. 

Rotalion/d Relaxation Time of CnriiQnit: Anhydrase — The 
ninth od used by Weber (40) to obtain rotational relaxation times 
utilizes proteins covalcntiy labeled with fluorescent dyes. With 
: the explicit assumptions that (a) the labeling is random and (b) 
the macromoleculc rotates as a rigid entity, the mean harmonic 
{mtntional relaxation time, ph, can be obtained by measurements 
of the fluorescence polarization at different temperatures and 
viscosities. The Perrin -Weber equation (46) is 
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vhpre P and P 0 are the" fluorescence polarizations with iinearly 
polarized exciting light in media of finite and infinite viscosities, 
; .tspeetively, and r is the fluorescence decay time. The relaxa- 
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Kid. 7. Til rut ion of DN^A. DNSA, 
0.001 m UCI, was titrated by addition of KOIJ, and t.iic, opt teal 
parn motors were followed by absorption fit. :i0o m M in Ul" 1 m 
solution, or by the increase in fluorescence :il 500 ni^ «-.\c;)rd at. 'iiO 
n\» in a 10" 6 M solution. 

tion time, pa, obtained this way is often compared uith the 
relaxation time, p (u of the anhydrous sphere of equivalent molec- 
ular weigh i, obtained from (40) 


lijV 
tiT 


where tj is the viscosity, V the molecular volume, R the ^as 
constant, and T the absolute temperature. Equation 2 is used 
in conjunction with measurements of /* at different value* of T/ij 
to give p h ; plots of \/P with respect to T/rj are extrapolated to 
infinite viscosity to give 1\, and r is independently measured. 

For the OA (DNSA) complex, a fluorescence decay time at 2r>° 
of 22.1 nsec was obtained, and measurements of the polarization 
of fluorescenrc as a function of temperature yielded the JVrrin- 
Weber plot shown in Fig. 8. At 25 a , the relaxation time is thus 
2X.9 nsee. From Equation 3, p„ » 24.3 nsec, with the assump- 
tion that the molerular weight is :U),000 and the par;ia! spc-ilie 
volume is 073, so that the. rat io p A /p<» is 1.19. For most proteins 
rotating as rigid ellipsoids, the reiaxaiion time ratio pj./p» has 
been found to ini between about 1.7 and 2.0 (47). The low p H /p» 
ratio observed here for (-A(DNSA) siig«csis litai the moiet ulo 
has a low degree of asymmetry, and there is some indirect 
evidence for this. The measurements of intrinsic viscosity by 
Armstrong el til. (20) on human carbonic anhydrase 1* suggested 
that the protein must be nearly spherical. Work of Nyman ami 
Lindskog (If), 48) shows that there are a number of similarities 
between bovine carbonic, anhydrase H and the human enzymes; 
these similarit ies include aspects of the amino acid compositions, 
molecular weights, sedimentation coefficients, and affinities for 
zinc. Similarities in molecular shape mig::i also he expected. 

A possible criticism of the use of t he fluorescence depolariza- 
tion method in the case of a protein complex containing a single 
fluorescent group is that the labeling ean in no sense be conquered 
"random," as was assumed in the. derivation of Equation 2 (4fi). 
When a single moiety is bound lo a macromoieeuJe, it. is possible 
that the results will be influenced by preferential orientation of 
the electronic oscillators of the ligauu with respect to the axes 
of the protein ellipsoid (49). While such a criticism might be 
applicable to relaxation time studies aitvady reported with AN'S 
bound to bovine serum albumin or ;o apomyoglobiu and apo- 
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jugate is only 10% efficient, as is shown by calculations bused on 
the excitation and absorption spectra of Fig. 9. The dtita oi 
Figs. 4 in id 9 were used to calculate the transfer distance 7?o for. 
tire conjugate, .iiw! Ho was found to bo 22.N A. The transfer 
distances for conjugate and complex arc Lhib similar; the small 
difference was due to greater spectral overlap (higher J ¥ ) in the 
case of the conjugate. Third, the quantum yield of tryptophan 
fluorescence in the conjugate was 0.09, compared with 0.1 1 in the 
unlabeled protein. In the conjugate, therefore, quenching by 
DNS- occurs to the extent of only 20% compared with 73% in 
CA(DNSA). Fourth, the fluorescence characteristic of the 
DNS- conjugate were quite dissimilar to tlio.se described for 
CA(DNSA). lustful of a blue fluorescence, the emission of 
conjugate appeared green under a ultraviolet. light., and the 
corrected emission spectrum had a maximum at 533 m/i (Fig. G). 
• The quantum yield was 0.12 (Table I), and the fluorescence 
decay time was 12.2 nsce in 0.02 m potassium phosphate buffer. 
pH 7.4. Fifth, although our data indicated that the enzyme 
containing liound DNSA is inactive, we found the DN3- 
conjugate to be 100% as active as the unlabeled enzyme in the 
esterase assay. 

Cakidalicn vf Mean Effective Transfer T> Utanct '—The energy 
transfer data obtained with CA(DNSA) and DNS-CA permit 
calculation of a mean effective distance, R, between donor and 
acceptor groups. From transfer theory (34, ;>\ ), 


V ic. 8. Perrin -Weber phil. for the depolarization of CA(DNSA) 
fluorescriH.e. A s. .hi Hon <il -1.4 X ID"* M carbonic atihydrase con- 
tinuing <i X 10"* v. DNS A in U.U'J m pul.a>simii phosphate butter w:ts 
cviiuli with ptilnriacd light ;ti MO ti^, and the end Med light was 
analyzed with the nioimchnnualur set a'. 470 inji. The dala wen: 
analyzed by I he O-K-I-H, Inc., on site computer service to do ter- 
mini' I he slnpu ami ioU-iv. pi t,\' I he Hue. .iefmed hy the points ac- 
cording lo a imran luasl. sipiarcs approximation. 

hemoglobin (N, 0), the objection will be only minor in the case of 
bovine carbonic anhydrase, if, like the human enzyme (20), its 
shape is nearly spherical. 'Furthermore, the relaxation time was 
similarto those obtained with a conjugate prepared by reaction of 
carbonic anhydraso with DNS-chloride, as is discussed below. 

PropvrLuis of DtfS-CA Coiijugalc— It seemed desirable to 
compare the properties of C A (DNS A) with thoseof a conjugate of 
the enzyme which contained the same number of DNS-groups. 
The conditions found to yield such a conjugate are as follows. 
To 1 ml of 0.0 m NaHCOj containing 10 mg of carbonic anhydrase 
was added 0.1 ml of acetone containing 0.2 rng of DNS-chloride, 
and the mixture was stirred in an ice bath for 4 hours. The 
mixture was then dialyzed for 48 hours at 2° against 1 liter of 
0.002 m potassium phosphate buffer, pH 7.0, containing 3 g of 
activated charcoal as a slurry (Darco). The dialysate was 
changed twice in this time. The dialyzed protein was free of 
unconjugated dye as determined by paper chromatography (50). 
The average degree of labeling was determined spectrophoto- 
rnctrically (17) and found to be l.l moles of DNS- per mole of 
protein; the absorption spectrum of the complex is shown in Fig. 
9. 

There were numerous differences between the conjugate and 
the complex, CA(DNSAV First, the absorption spectrum has a 
maximum at 335 mp for the DNS- band (Fig. 9); this is to be 
compared with a peak at 309 to 3.10 m/x obtained from the differ- 
ence spectrum of CA(DNSA) minus enzyme alone {of. Fig. 4). 
Second, energy transfer from tryptophan to DNS- in the con- 
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where A" is the fraction of the absorbed photons which are 
transferred. In CA(DNSA), X - 0.85, fl 0 = 2L3 A, and R = 
10.0 A. For the conjugate DNS-CA, X - 0.10, Ro = 22.S A, 
and R = 32.1) A. On the average, therefore, the tryptophan* in 
the conjugate are about twice as far from the DNS- group as 
they are in the DNSA complex. An anhydrous sphere of 30,000 
molecular weight and a specific volume of 0.73 would have a 
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Fig. 9. Energy transfer in a DNS conjugate of carbonic anhy- 

druse. The absorption spectrum ( } of 2.1 X IQr* m DNS-CA 

and tho excitation spectrum of the samo .solution diluted 10-foKi 

(+ •) have been nonnaliised at long wave lengths, where the. 

two curves coincide. The excitation spectrum was obtained wiw 
an 8-mjj excitation band width, the emission being observed auMO 
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<w.etor of .SI A. The small value of R for CA(r)NSA) a«am 

j Ewcpt to point out. the b.-c difference in It /or the. hvo •>,-,,> 
I J-hw. too much emphasis shouW uot be - - - H 

to aSc / ' ° n °'' 1 K,0UPS ^Ptophan,). the concept 

! Flucrescence Depolarization in DNS-Conjugaie-Tho notarial 
- of fluorescence of tl.e connate was niiured * . ££££ 
rt-nereasutg temperature, and the r<*ultin, PerrinAVebc p ots 

ptem, tne follow^ result* were obtained: Fig. WA in 0 02 
^ the ?mc buffer Pllls ^Methox.olamid^ - SJ 

Ail the available evidence imhYaU* that the J)X S - label in 

'*£^bT,f diffCralt ■ i>0Siti0n °" U,e ,,I Otci " than * i S 
£ 1 , Vf. '•' "° ,nformati ™ <«> whether ll,P. T)XS- 

«d of the conjugal. ,s randomly placed or whether a single .4 


W obtome.1 W ,th cither DNS-CA or CAfDXSA) .'.re similar 
Th,s fact, mebcates that the relaxation ti.no of -arbonic anhvd, Je 

lZ e 8b r 30 ,hat ,J,,> - f *■ S 

flit' 7. v "" ,,1Cr ° l,j< "-' i,,n;li,,P «»"™. !..,„, ,«*s ,„■ 
l»o escenr. labebmr, and that „,, fl. ,o. 1 l.ahols a,-e i)m |, ;l |,| . 
tightly l>ound to the protein. ' 

JlfSCUS.SIO.V 

The pn-sont. studies on the bindi,,, <,f fiuo,,,,,,,,. „, 
bo rne ( . tt H,on,, anhydrnse li provide sonu- dir,„ sp',,,-:d 

1-ndH.j s,t,. Tl le very l,i K h ..uantum yi,ld ,)„• BlIftr 
spectrum ol oound DX8A s, 1Jf!I ns t . ,i,. nt n,, ,,!,. is ,| lio ,,„, (l 
solvent, inta^iwlion, and has a l.i^hiv !. vd. oj-bolvi,. ,.|,, rl( - (( ,- ' \- 
po.r,.,- 1 o:,-, above, the ,a„. ,,,,, UI ,ivi; y «, .Jic-s wi, h s,,™,,,,,,,,, 
nave . iv ,-„ l^nowcaver-Uurk ,, lm -, su^.stive of „„,„,...,„ „., ,. 

w.b.ba.on does , ,o t .r tl ie out the pnssi,,iii ly „», , h , ..Wf.„!, 

bn at he ,,te rer,,,,,-,,! f ()1 . Ih<! , :ll ,!y^ „i CO, , lv d,uior, 
II H e . ctn-c s.te anu ih, .ullV.na.nirle.bi,,,;;.^ si,,. ilir |„,,i 
.don(,„-a|, wc arc left wi.h the miif . ,,„„..,,,„. ^ 
or ne:ir a hydrojihobic site. 

Tl,e reasor, for ,l,e <,„„,. | >im ; inf , j,,,,^;,,^. V( .„ 
nromauc sulionamid,.., ha, been unclear ,,„■ ,o„ ;l . ti,,,,, 
mlfonamules are only w,.„k |i,,„ n ds for 7.i(**. Th.U «|,„|.- «„.. 
Wst. that the stdfonamide-bindi,^ sire .-nnsis.s of two s.r'lio,,"' 

6( 4 NH a group, and the other, u hy.irophobic bindi,^ r^ion 
«h,ch attracus the aromatic portion of the Mul'onan.ide. .\s ! 
from the .peetral evidence provided here lor dissonati.m of 
m, fonan.de group, there is reasonably ,„ ( .d Khwtu . 

.ortn,, ? ,;eh a sehe.ue. Miil,,. ,w r ,. and , {f , h |i, " 

,«mi.wmh1 mat .onizntion of ,!„. sulioaa.uuie wmn « a. ■ 

wy for attachment to cnrb.-,„ir anbydnus,., b.vn u *. the iiddbi- 

tory power ol a scies 0,- sulfonan.id.s was „.| , „, „„. ' 

'•'>'"Poundsbavi,, K)1 K 1 reH..idic-..S 0: N.ll s .,,,ups i ^ 

more potent .nhibitor,. More re,ently. th, iahii.it i. .7. „n , it 

siniT'" '" S " '•' '"•""""'•''"•'•'"""i-l.- lodMved I,', 

stop-flow technics „ a function of p H . An infic tioa in ,!,<■ 
.H ; ac, tl v, y n,rve in the re,in„ of the su!fo, 1Jlm ide „!<„ , ^ 

A hydrophobic character „f Ihe sulfonannVle-bi^di,,., Hil4 . ,...„ 
notprcvKHKv been found by chemical Ichnu,.,,,. " t is 
mcereat however, that the hydrophobic Ilort!nn if „ lp ^J., 
s.te » clearly not able by itself ,0 cause si^-aiu b!„S "f 
hydrophob lc JiKandH such a.s ANS or the I WS^.ninc, -tri' l" 

one can attune that the. aro-nati,- sui.ronan.idc'inhibiior, 
bind to earbomc anhydrase through two , T oup S ( viil ;l hv(! , 
phob,c bond mvolvin, the aromatic n,, )cus J, a L ,;„,; 
bond .nvolvrnx U W .omzerl sulfonamide .nnictv', !t „..„,/,... 

T ltd 0 " TI " ,C ^ C '" S< "' iiUkm ™ "use inhibitors^ 
at hand. I he .nnnmors may be likened to hident.a.c Ik-uuU 
eapable o: , 0 m,,n K chelates with transition ,ne!al io„« S,h- ' 1 
.etibach (52) pointed out that the formation . onstar.t ibr n .'-CC 
ronUumnK a bifunetion.,1 li^n.} is almost. aKvavs „ ul ch hr^r 
t-mn the correspond i„ K .-onsta,,!. f„, ,,„e r,„,,„ui, „",,;„. 

oiecl"°h?T ,,S W °, m T !nn '^ {i ^' U - 

offecl. ha* bccn analy«Kl in terms of (! n,ro,„V and stafH i,. a i 

fiwtoi-s favoriiiR i ho stability of the , hrhu (! (;>•>) 
Tl.c energy Uansfer from trypmpimn to DX^a is ,„„,!■, „„,„. 
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efficient than has Wen observed hitherto in any nN^c-onUmitu; 
protein system. For instance, Strvrr (30) studied the ener-y 
transfer from tryptophan to DNS- in conjugates of ehyiuotryp- 
Kino'-en, a protein huvm K a molecular weight of 34,000. When 
">.r> DNS- «roi!|»s were attached to the protein by reaetiui) with 
])NS-i'h)oride, 74% of the photons absorbed by tryptophan 
residues were transferred to the dye groups. These Jesuits are 
to be. contrasted with the data Intro reported for (he larger CA 
(I)NSA) complex, in which energy transfer was 85%, with only 
1 DNS- group. The critical transfer distance, Ri>< :or the 
irvptophan-DXS- pair calculated by Stryer (30) i* about the 
<ame as tlm found liere for cither CA(J)NSA) or the DNS- 
ronju^ate of the enzyme. Therefore, the much higher degree, of 
ener^v transfer in CA(DNSA) must be due to nearness to or 
favorable orientation vis a vis the tryptophan residues, or both. 

In this ri'iiurd, we should point to some other evidence con- 
mnir- the location or the tryptophan* and the sulfonamide, 
binding site. Although much of this evidence was derived with 
human carbonic anhydrasc ('. that enzyme has many similarities 
(molecular weight, annuo acid composition, zinc-binding 
afhuitv, activity, and so for lh) with bovine carbonic anhydrasc B. 
Optical' perturbation experiments by KidUiford (53) on the 
in. .nan cn/ lV me surest that (he tryptophans are buried m the 
interior of the n.u]ecule. Further, tJrry and Iiyrius (54) surest 
thai in heman . aibonie anhydrasc at least 2 tryptophans may 
be in Ji.vi! juxtaposition, from evidence obtained by optical 
rotatory di>nersMt in t!ie ultraviolet region. 

V«rv recent lv ( Vri(ll>or S cl nL ((» published the results <if a 
study at S.S-a" resolution on the x-ray scattering of crystals of 
human carbonic ■inhv.lra.se C containing the inhibitor aeetoxy- 
niercurist.lf;inilamid(^. Even at lhi> relatively low resolution, it 
was possible to make several observations. Zinc was hound in 
the center of the molecule near the carboxyl terminus of the 
polypeptide chain. The inhibitor occupied part of a deep 
crevice amiaininjs t!n> zinc and was bound to the metal ion 
thrush thir sulfonamide ^roup. The benzene rin« of the. inhibi- 
tor was mvii to tic in a narrow slot. If this picture has validity 
tiNo for bovine carbonic anhydrasc \i t the x-ray data would 
mnfirm the Muorc.cenee evidence that the sulfonamide-bindim; 
mIc is well shielded and is in the interior of the protein. 

The validity of Forslr-i-'s theory of energy transfer has been 
ittsu-d and essentially confirmed l>y studies on models containing 
donor and acceptor groups in the same molecule, {e.g. lMeren< es 
39. 55-57). batt. CheunK. anil Hlout- (39) studied ener-y 
transfer from the t-naphthoyl «roup to anthmmie-9-rtirbunvl in 
a ri-id molecule and obtained rather direct evidence that the 
mutual orientation of the donor-iin-optor pair affected transfer 
ellicicncv. Similar tests of Footer's theory have been imprac- 
tical in proteins, but if further x-ray cits tall ographic data are 
forthcoming on carbonic aniiyd rases it may be possible to know 
the positions or the tryptophans with groat accuracy and to 
correlate this information with energy tranter data such as those 
reoorU-d in :his work. 


Vol. 242, No. 24 V 


' o. 


A rh'ttowlalgment — M rs. V 
assistance. 


Seolt provided expert technical 


HEFKPKNCKS 

1 M\nn T. and Kkiun, I)., Suliue, 146, Hit (1040). 
•>' Makkn.T. 11., Paih-km., A. I,., a Ni) Malik, M. M. ( J. Pharma- 
col, liy. Thcrup., 130. 3** (WW). 


/ . 
8. 

0. 
10, 

11. 

12. 

13. 

14. 
3 5. 

Hi. 
17. 
18. 

19. 

•JO. 

21. 


23. 
24. 
25. 
20. 
27. 
2S. 


30. 
31. 

32. 

33. 
3-*. 
35. 

30. 
37. 


38. 
39. 

40. 
41. 

42. 


43. 
44. 
45. 

40. 
47. 
AH. 
40. 


MlLUStt W. II-, UfiBSlCUT, A M., AMD Koumn, K. O. 

Amcr. Vhcm. Soc, 72, 4803 (1050). , r 
Kkhnoiian, J. C., WiwrAwft, iiiophst*. Ada, "6. -.Oo UOOio. 
Linoskog, S., ./- Mot. Churn. t 238, 045 (1063). 
Faiommo, K.. Kannan, K. K., Jjijas, A., Lunimn', J., 

STKANMJHliKO, II., S-rilANOBBUC, It.. ilLANOEH, B., *M» 

WiirfjN (;., J- Miii- Mol., 25, AOS (1007). 

Wbbku, (I., ami You.no, L. B.,./. IHoL Win (19W). 

Sthver, L., J. Mol. WiV., 13, 4S2 (1005). 

McCluiik, W. 0., ani> I'Iiikuman, (J. M . . Hwcwti*try t 5, IMLte 

Wkbbk!ci. ( and Laiihbncb, !). J. It, liiochcm. J., 56. xxxi 

(1054). „. . 11C 

ano Webku, r«., .-IrW*. liwcfu-m. Hiaphys., 116. 


Andkkson, S 

207 (1U0U). 
MeC i'U uk , VV . O . , and K dbi.man, 1 1 . M 

5G7 (1007). 
Ciikn, H. P., .IrcA. ttiochem. iiinphw 
Nyman, T. O 

141 (19W). 
Ciikn, U. K.,^. /^"c/. £.7i^.,242. 
W i ; h k it , C ! . , H iuchcrn . J . , 51 , 1 55 
Laounokk, I)., and OrroiiKNum 

CarlsUni, 35, 03 (1900). 

MOHSK, P., AND llOKBCKKR, H. 


liiuchonixtnj, 6, 559, 
120 . 000 (1007). 


Lfl>/(. f>lWWH'i'" f r- - 

and Linuskoo, S. f liiochim. Uiovhy*. Acta,™, 


173 (1007). 
(1052). 


I. 


(lowi) 

Aiais'moNO, 
Kiihaij^ J 
Ciikn, H. V 
Cn>:.N t It. F. 
(1005). 

Ciikn. k. r 


Hctui. Trav. Lab. 
imtl. iiiachtiin., 14. 429 

AND 


J. M., Mybhs, 1). V., Vbkpooutk, J. A. 
T. j'liiaL Chrnt., 241, 5137 (10O0). 
,1n«/. liwchein., 20, 330 (1007). 
and Hayes, J. K., Ju.. Anal. Kturhcm., 13. Dfl 


»SVtc?irc, 160, 1503 (100.5). 
MiiMunsH, W. II.. J. /Vo/n. (%-w. t 65, 220 
Chen K. P.. Biovhcm., 19, 374 (UMi7>. 

Eastman, J. W., FhotnchsM. PhntMni., 6. 55 iiOfw). 
Chisn It. K. f am) How ma n , U. h., Sr 147, 720 (1005). 
A'/i'mj, T., am» McUlynn, S. P.. 7. I'hys., 37, -413 

Chen, H. K., Vouek, (i. (i., and Ai.kx...m.kk. hetvnee, .66. 
049 (1007). 

Vemck S. F., J. Mol. Chan.. 233, 1155 (UI6S). 

ViiiaeKl F., Pahkeh, C. W., am. Kisex, H. ^w;. Ac/. 

.4cw/. -Sci. f ■ . S. A. f 46, 1470 (1000). 
Stkinxh, H. F., Uotu, J., and HmnuNs, J., 7. HioL Chvrn.Ml. 

500 (1000). 

FflttSTEK, T., Discu**. Faratiau Snr., 27. 7 (1050). 
Fous-l'KU, T., .1 on. Phi/*. {Lripzifj). 2 t 55 

FOustku, T. t Ftuoreszenz onjanischrr VrrhimtumjL ti, \ anden* 

hocek and Ituppreclit . ( uiuhiKcii, 1051, p. S5. 
Stmybk, L., JSiuckim. Hiophu*. Acta, 35, 242 (1050). 

LllWRT, Na«BLE, W., SKlhOt.ll-Ul.ANKKNSTKIN, 1 

qbh, U., and Voss, W.. ^. .4«w/. fVwwi., /-V^r/ii n** 
(1050). 

Tku.e, F. W. J., and Wbhku, t'.. t Hwrhrm. ./.. 65 . 4 7 0 (1057). 
Latt, 8. A., Ciieuso, I I.T.. and Buu-r. K. U .. J . Amu/-. Vhw. 

,Sfjc., 87 ,005 (1005). 
Tc\u: f V. W. J., liiat-Jtem. J. t 76, 3*1 flOOO;. 
FosTtiK, J. F., in F. W. Putnam (Fditorl, 7'Ac pto*wa prw/ctn-t, 

Academic Press, New York, 1001). 
We nit y K. L., and ItocKKs, B.. in 1 J. M. IU;kcui.ks iluhior) 
FlHortmcater. tuut v h»*ph*>tv*rwv unniysix, liiiprsnc-nce 
Publishers Inc., New York, 101*0, p. 81. 
Pcu-kku Y., am> Meany, J. Hiuc}mni*try t 4, 2535 (1905). 
Davis It. P., ./. Amur. Cham. Sor , 81, 5074 (1050). 
Leibman, K. C. ( Alkouii, I)., and Uuui>kt. U. A., /'Aor. 

macu/. £27). '/'temp., 131, 271 (!0til). 
Wbbbh. (1., tthchaui.J.. 51. 145 (1052^. 

Steinek U. F., and Eiieuioimi, JL. t'wm. to., 62, Id,' (WW). 
Linuskoo, S., /JiucAiw. /o (J ^//.v. .4c/«, 39. 218 (101.0). 
Wkbkr (!, i»» 1>. M. UkiioOJ.ks (KUitorJ, Fluorescence and 
phosphorescence analysis, Lntersciciicc Puhlwliura, Inc., New 
York, 1000, p. 217. 


t S l'Al- 

, 170, 1 


50. 

51. 
52. 

53. 


I T *d 


uosdiuoqi pjeqoiy 


e of December 25, 1967 


R. F. Chen and J. C. Kernohan 


5823 

H£»r, B. 8.. and M A6SE v, V., BiocHtn. B iophys . Acta , 21 . 54. U«. j>, W.. and En**,, „.. , 450 

io«*" , '" te '-« < W'". Academic Press, New S0> K ?'£° c "' H ' Bra ™. a ™ Wii.,;„ K k, M.. BiochtmUtr, 

iota, JUM, p. 1C4. o, o47 (1967). 

( -63. RiDDiroiu> ( L.M. i y./Jt < rf.CAcw. f 240, 168 (1065). 57. Stkykk, and HAUOi.ANn, R. 1\, /> roc . A'af. y w. , SV/ . 

t/« o. a., ©©, 719 (1967). 


El 'd 


EEIL-30L [01*) 


This Page is Inserted by IFW Indexing and Scanning 
Operations and is not part of the Official Record 

BEST AVAILABLE IMAGES 

Defective images within this document are accurate representations of the original 
documents submitted by the applicant. 

Defects in the images include but are not limited, to the items checked: 
e!]black borders 

□ IMAGE CUT OFF AT TOP, BOTTOM OR SIDES 

□ FADED TEXT OR DRAWING 

□ BLURRED OR ILLEGIBLE TEXT OR DRAWING 

□ SKEWED/SLANTED IMAGES 

□ COLOR OR BLACK AND WHITE PHOTOGRAPHS 

□ GRAY SCALE DOCUMENTS 

□ LINES OR MARKS ON ORIGINAL DOCUMENT 

□ REFERENCE(S) OR EXHIBIT(S) SUBMITTED ARE POOR QUALITY 

□ OTHER: 

IMAGES ARE BEST AVAILABLE COPY. 
As rescanning these documents will not correct the image 
problems checked, please do not report these problems to 
the IFW Image Problem Mailbox. 


